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SUMMARY 


Process technology for producing 10,000 single-crystal GaAtAs/GaAs 
solar cells per year was studied. The only technique that is presently 
developed to the point that 10,000 cells could be produced in one year is 
the infinite melt liquid phase epitaxy process. The lowest cost per cell 
is achieved with the advanced metal organic chemical vapor deposition 
process. Molecular beam epitaxy is limited by the slow growth rate. The 
lowest cost for an 18-percent efficient cell at air mass zero is 
approximately $70 per watt. 


INTRODUCTION 


This study of process technology assumes a requirement for 10,000 2 cm 
x 2 cm single-crystal pGaAtAs/pGaAs/n-GaAs heteroface solar cells per 
year. For the purpose of this study, the processes evaluated for fabricat- 
ing these solar cells are liquid phase epitaxy (LPE), chemical vapor depo- 
sition (CVD) , and molecular beam epitaxy (MBE). Each of these processes 
utilizes an n-GaAs single crystal substrate approxifoately 250 ym thick on 
which the epitaxial layers are grown. Two LPE processes are considered: 
the infinite melt process and the finite melt process. In the infinite 
melt process, two separate reusable melts are maintained. One 5- kg melt of 
Ga, As, and the n dopant is used to grow an n-GaAs buffer layer on the sub- 
strate wafer. A second 3-kg melt of Ga, As, At, and the p-dopant is used 
to grow the p-GaAtAs window layer. During the growth of the p-GaAtAs, the 
p dopant diffuses into the buffer layer, forming the p-GaAs. In the finite 
melt LPE process, the smaller melts are not reused. One finite melt LPE 
technique, however, does not require the growth of the n-GaAs buffer 
layer. This method uses an etch back epitaxy process. The CVD process 
considered utilizes organometall ic compounds of Ga, At, and AsH 3 for the 
gallium, aluminum, and arsenic sources. These compounds react on the sur- 
face of the heated substrate to form the GaAs and the GaAtAs. In the MBE 
process, molecular beams of Ga, As, and At are directed from effusion cells 
onto a heated GaAs substrate in an ultrahigh vacuum such that the GaAs and 
GaAtAs are formed. The MBE technique is characterized by slow growth rates 


87 



(typically 1 ym per hour); however, the uniformity and composition of the 
layers are very precisely controllable. .Growth rates for the CVD process 

are approximately 0.25 pm/min, and for the LPE process approximately 
0.5 pm/min. 


Substrates 

Common to all these processes is the need for 250-pm thick 
single-crystal GaAs substrates. Considering saw kerf losses, polishing 
losses, and cleavage losses, annual production of 10,000 2 cm x 2 cm cells 
would require 15.1 kg of Ga and 16.2 kg of As, and results in a purchase 
price of $5.00 for each of the polished substrates. 


Major Costs 

Table 1 shows the major direct costs per cell for growth of the 
epitaxial layer for 10,000 2 cm x 2 cm solar cells per year using the 
various processes. The costs per cell shown in this table do not include 
the $5.00 cost for each polished 2 cm x 2 cm substrates which is common to 
all processes. For the purpose of this study, percent yield is defined as 
the percent of the input material that is incorporated in the epitaxial 
layer. The lowest costs per cell are for the infinite melt LPE (IM-LPE) 
process and for the metal organic CVD (M0-CVD) process. Assuming an 
18-percent cell at AMO, the cost for the IM-LPE process is $71 per watt 
including the substrate cost, and the cost for the 0M-CVD process is $70 
per watt including the substrate cost. From table 1, notice that the major 
items affecting the cost per cell for the epitaxial layer are the time to 
fabricate, the labor costs, and the capital equipment costs; however, the 
materials costs become important in some cases when the percent yield is 
lower than 100 percent. In no cases, however, are the energy costs a 
significant percentage of the cost per cell. Each of these items will now 
be discussed separately. 


Fabrication Time 

Table 2 shows the fabrication times for the various processes using 
one growth chamber of current design. From this table it can be seen that 
only the IM-LPE process can produce 10,000 cells per year using one growth 
chamber of current design. Table 2 shows that even if higher quality sub- 
strates were available such that no GaAs buffer layers were needed, a 
single MBE system could not produce the 10,000 cells in one year. The cur- 
rent M0-CVD systems in use are limited to growing one cell per cycle. The 
time to grow 10,000 cells is therefore 31 months. In order to grow the 
10,000 cells in one year by this process, three systems would be required. 

A commercially available four-loop M0-CVD system can grow approximately 
11 cells per cycle; therefore, this advanced system could produced the 
required cells in approximately three months. Scale-up of the M0-CVD 
process to produce 36 cells per cycle appears feasible. Thus, less than 
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one month would be required to grow 10,000 cells using the most advanced 
system. Scale-up of the MBE process using a third-generation MBE system to 
produce about seven cells per run appears feasible; however, in order to 

use only two systems to produce 10,000 cells per year, the buffer layer 
must be eliminated. 


Material s 

Table 3 shows the material requirements for the 10,000 cells. The 
percent yield for the IM-LPE process is shown only at 100 percent since the 
use of all of the material removed from the confined melts is incorporated 
in the epitaxial layer. The MBE process is shown at a maximum percent 
yield of 50 percent since geometrical considerations would limit the per- 
cent yield to 50 percent. Additional experimental effort is needed to 
quantify the percent yield for the MO-CVD process and for the LM-LPE pro- 
cess; however, collection and recycling of the 0M-CVD exhaust gases and the 
LM-LPE melts may be possible. 

Labor Costs 

Table 4 shows the labor costs for producing the required 10,000 
cells. The three-month fabrication time for the MO-CVD process assumes the 
four-loop system. The 31-month fabrication time for the MBE process 
assumes a third-generation MBE system. 


Capital Equipment 

Table 5 shows the amoritized costs for the capital equipment. Note 
that the cost per cell is $0.42 for the IM-LPE process; however, the 
amortized cost per cell for advanced MO-CVD process is also low at $0.50 
per cell . 


CONCLUSIONS 


Referring again to table 1, this study has shown that for producing 
10,000 4-cm^ GaAfcAs-GaAs heteroface solar cells per year, the lowest cost 
per cell is for the four-loop MO-CVD system with a 100-percent yield. The 
cost of cells produced by the MBE process is the highest for all processes 
studied; however, MBE is a useful tool for studying and optimizing solar 
cells. For both the MO-CVD process and the IM-LPE process, the substrate 
cost dominates the cost of the epitaxial layer. For both processes, the 
substrate cost is greater than 70 percent of the cell cost. Including the 
substrate cost, the lowest cost identified for GaAiiAs/GaAs heteroface solar 
cells is $70 per watt assuming 18 percent AMO efficiency. 
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Table 1: Summary of major direct costs per cell for growth of the 
epitaxial layers of 10, 000 2-cm x 2-cm (AlGa)As/GaAs 
solar cells. 
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procedures using one growth chamber of current design. 
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Table 3: Summary of material requirements to fabricate 10, 000 
2 -cm x 2 -cm GaAs solar cells assuming no recovery 
of lost material. 
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for 10, 000 (AIGa)As/GaAs solar cells with a single growth 
chamber. 
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Table 5; Summary of capital eauipment amortization cost for different 
solar cell fabrication processes assuming a minimum number 
of growth chambers. 



